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Deletion mutants of hepatitis B virus (HBV) are often found in chronically HBV-infected patients. It has not been possible
to study the significance of such deletion mutants on liver diseases in a suitable animal model. In this study, we characterized
naturally occurring deletion mutants of woodchuck hepatitis virus (WHV) in 11 chronically WHV-infected woodchucks.
Deletions within the WHV preS region (nt 2992–338) had a length of 72 or 84 bp and were located in the amino terminal part
of preS1. Internal deletions within the core gene (CID) had variable lengths (103 to 312 bp) and were identified within the
center of this gene (nt 2021–2587). Four of seven CIDs were in-frame deletions, whereas the remaining three CIDs were
out-of-frame deletions and led to the interruption of the reading frame. Sequence analysis of cloned PCR products of CIDs
showed that heterogeneous WHV deletion mutants coexisted in single woodchucks. In addition, WHV genomes with double
deletions in the preS1 and the core region could be found. We were unable to detect the expression of truncated core
proteins in transfection experiments. The CID mutations led to a marked increase of the expression of the luciferase gene
which was fused to the start codon of WHV polymerase, probably due to the shortening of the untranslated region or the
removal of AUGs preceding the polymerase start codon. The characterization of naturally occurring WHV deletion mutants
will allow us to study their biological and pathogenic properties in the woodchuck model in the future. © 2000 Academic Press
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Infections with hepatitis B virus (HBV) lead to a wide
clinical spectrum, including acute, self-limited, chronic
hepatitis with mild or severe liver injury, cirrhosis, and
hepatocellular carcinoma. HBV deletion mutants were
found often in chronically HBV-infected patients. The
majority of deletion mutants described so far were lo-
cated in the HBV preS1/preS2 region and in the core
gene. PreS1 deletion mutants were found in patients with
chronic hepatitis (Santantonio et al., 1992; Minami et al.,
993; Feitelson, 1994; Nakajima et al., 1994), as well as in
hose who had developed a hepatocellular carcinoma
HCC) (Gerken et al., 1991; Raimondo et al., 1991) and in
atients under interferon therapy (Melegari et al., 1994;
Nakajima et al., 1994). Internal deletion mutations of the
BV core gene (CID) occurred in 6.5 to 63.5% of patients
ith chronic hepatitis (Wakita et al., 1991; Ackrill et al.,
993; Takayanagi et al., 1993; Uchida et al., 1994; Akarca
t al., 1995; Gu¨nther et al., 1996; Marinos et al., 1996),
ong-term chronic carriers (Wakita et al., 1991; Chuang et
l., 1993), patients with HCC (Uchida et al., 1994; Yuan et
l., 1998), and patients under interferon therapy (Miska et
l., 1993; Marinos et al., 1996). Recently, HBV CID mu-
ants were found in immunosuppressed patients after
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226idney transplantation (Gu¨nther et al., 1995, 1996). The
ccurrence of HBV mutants and severe liver diseases
eem to be associated in some cases though the mo-
ecular mechanism is still not understood (Ehata et al.,
992; Chuang et al., 1993; Ferrari et al., 1993).
Woodchuck hepatitis virus (WHV), a member of the
epadnavirus family, and its natural host woodchuck
Marmota monax) provide a valuable infection model
ystem for studying hepadnavirus infection (Gerin et al.,
989; Girones et al., 1989; Miller et al., 1989; Roggendorf
t al., 1995). WHV is genetically closely related to HBV
nd its genome organization is almost identical to that of
BV. Similar to HBV infections in humans, WHV causes
cute and chronic hepatitis in woodchucks. Virtually all
hronically infected woodchucks develop hepatocellular
arcinoma (Popper et al., 1987; Gerin et al., 1989; Gerin,
990; Buendia, 1994; Kajino et al., 1994). Here, we asked
hether deletion mutants of WHV were present in chron-
cally WHV-infected woodchucks. Indeed, deletion muta-
ions in the N-terminal region of preS1 and CID on the
HV genomes occurred naturally in wild-caught wood-
hucks. These findings will allow us to use the wood-
huck model to study biological and pathogenic proper-
ies of deletion mutants of hepadnaviruses in the future.
RESULTSWHV mutants with deletions within the preS1 region
nd the core gene in the peripheral blood of chronically
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227NATURALLY OCCURRING WHV DELETION MUTANTSWHV-infected woodchucks. WHV DNA was extracted
from serum samples of 36 chronically WHV-infected
woodchucks and subjected to PCR amplification of the
WHV preS1/preS2 region (nt 2992–338) and the core
gene (nt 2021–2587). PCR fragments of preS1/preS2 re-
gion (670 bp) and of the core gene (576 bp) were seen in
all samples (Fig. 1). Additional DNA fragments of smaller
sizes were observed in PCR products derived from sam-
ples of 3 woodchucks, WH451, WH90-5, and WH449 (Fig.
1), indicating the presence of deletion mutants. PCR
products of the preS1/preS2 region derived from WH451
contained fragments with deletions of approximately 80
bp. In samples of WH90-5, PCR products of the core
gene with deletions of around 200 bp were present. In
WH449, both regions, preS1/preS2 and the core gene
region, contained deletions. PCR fragments with dele-
tions were also present in follow-up samples of these 3
woodchucks. The ratio between wild type and deletion
mutants represented by the PCR products was variable
(about 5:1 to 1:5, Fig. 1).
Surprisingly, deletion mutants were found in all of the
eight HDV-superinfected woodchucks. WHV mutants
with preS1 deletions were identified in WH90-7, WH91-1,
and WH91-2. Two woodchucks, WH5 and WH14, carried
core deletion mutants. Both preS1 and core gene dele-
tion mutants were found in three woodchucks, WH3,
WH90-12, and WH15-8.
PCR fragments of the WHV preS1/preS2 region and
the core gene that obviously contained deletions were
extracted from agarose gel and subjected to direct se-
quencing. A deletion of 72 bp at the 59 terminus of the
reS1 region (nt 3000–3071) was found in samples from
woodchucks (WH451, WH90-7, WH91-2, WH449, WH3,
H90-12, and WH15-8) (Fig. 2). An 84-bp deletion (nt
001–3184) was found in only one woodchuck (WH91-1).
oth deletions did not disrupt the ORF of the WHV preS
egion but led to a loss of 24 or 28 codons, respectively.
eletions of 103 to 312 bp in length were found in the
FIG. 1. Identification of defective WHV genomes in serum samples of
chronically WHV infected woodchucks by PCR. Woodchuck WH8,
chronically WHV-infected animal with wild-type genome; woodchuck
WH451, chronically WHV-infected animal with preS1 deletions; wood-
chuck WH90-5, chronically WHV-infected animal with core deletions;
woodchuck WH449, chronically WHV-infected animal with wild type
and either preS1 and core deletions; wt, wild type; m, mutant.iddle part of the WHV core gene. Four in-frame dele-
ions of 312 (nt 2147–2458, WH5), 237 (nt 2163–2399,WH90-5), 129 (nt 2272–2400, WH14), and 120 (nt 2277–
2396, WH3) bp led to a loss of 104, 79, 43, and 40 aa in
the WHV core protein, respectively. In three woodchucks,
frame-shift deletions of 103 (nt 2261–2363, WH449 and
WH15-8) and 125 (nt 2272–2396, WH90-12) bp were
found in the WHV core region. They would result in
truncated forms of WHV core proteins with N-terminal 35
and 42 aa, respectively. The large deletion of 312 bp
found in WH5 led to the loss of the first 10 codons of the
WHV polymerase including the start codon. No potential
new start codon was created before the ATG at nt 3038
within the remaining reading frame of the polymerase
gene. Thus, this 312-bp deletion would lead to a large
truncation of the amino-terminal region of the WHV poly-
merase.
Liver samples of three woodchucks, WH14, WH15-8,
and WH3, were examined for deletion mutants. PCR
products of the WHV preS1/preS2 region and the core
gene from liver tissue samples of all three woodchucks
corresponded to wild type and deletion mutants identi-
fied in the sera (data not shown). Direct sequencing
confirmed that the PCR products of the WHV core gene
from WH14, WH15-8, and WH3 harbored deletions of 129,
103, and 120 bp, which corresponded exactly to the
deletion mutants found in sera (Fig. 1). An 84-bp deletion
at the 59 terminus of the preS1-region (nt 3001–3084) was
found in the liver samples of WH15-8, whereas the 72-bp
deletion of the preS1 region was predominant in serum
samples. Obviously, the WHV population in a woodchuck
was heterogeneous and has different compositions in
different compartments (see below).
The heterogeneity of WHV populations in woodchucks.
Eight to ten clones of the mutated core gene were gen-
erated from woodchucks WH499, WH3, and WH15-8.
Sequence analysis of these clones revealed that differ-
ent deletion mutants coexisted in woodchucks (Fig. 3).
Seven clones derived from WH499 had a 103-bp deletion
between nt 2261 and nt 2363 and represented the major
variant in concordance with the results of direct se-
quencing of PCR products. Three additional types of
clones with deletions of nt 2272–2396 (125 bp), nt 2276–
2400 (125 bp), and nt 2268–2393 (126 bp) besides the
major deletion mutant were found (Fig. 3). Similarly, five
of eight clones derived from WH15-8 had a 103-bp dele-
tion of nt 2261–2363. Two deletion mutations of nt 2269–
2369 (101 bp) and nt 2272–2400 (119 bp) coexisted with
the major mutants. Four types of mutants with deletions
nt 2261–2363 (103 bp), nt 2264–2398 (135 bp), nt 2270–
2398 (129 bp), and 2277–2396 (129 bp) were identified in
WH3. Taken together, WHV populations in these wood-
chucks consisted of wild type and different deletion mu-
tants.
Adding to the complexity of WHV population, deletions
within the preS1 region and the core gene were found in
WH449 as well as in WH3, WH90-12, and WH15-8 (Fig. 1).
We asked whether a single WHV genome could harbor
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228 BOTTA ET AL.both deletions or whether two major mutant WHV popu-
lations with single deletions coexist in WHV infected
woodchucks. WHV DNA from serum of woodchuck
WH449 that showed both deletions in the WHV genome
was amplified by PCR. A fragment of 1626 bp comprising
the preS1/preS2 region and core gene (nt 2020–338) was
cloned into pCRII vector. Using these clones as tem-
plates, PCRs were performed to amplify the preS1/preS2
region and the core gene (Fig. 4). Among seven isolated
clones, one had the wild-type sequence and five showed
a deletion within the core gene but an intact preS1
region. The remaining clone contained deletions within
FIG. 2. Location and size of the deletions within the WHV preS1 regi
that of Galibert et al. (1982). Deletions within the WHV preS and the co
roken lines and the nucleotide positions. The numbers on the broken l
orms of core proteins. D indicates that these woodchucks were supethe core gene and additionally within the preS1 region.
Therefore, in one animal WHV mutants with double de-
d
pletions coexisted with the wild type and mutants with
single core deletions.
The influence of deletions in the WHV core gene on the
expression of WHcAg and WHV polymerase. In-frame
IDs led to shortened open reading frames of WHcAg,
hereas only the N-terminal part of the WHcAg could be
ranslated from out-of-frame deletion mutants. To exam-
ne the expression of shortened WHcAg, three mutants,
ID-II, -III, and -VI, with in-frame deletions isolated from
H3 were recloned into pcDNA3 and transfected into
HK cells or woodchuck cells 12/6. Central parts, aa
7–125, aa 85–126, and aa 83–126, of WHcAg were
core gene. The numbering of the nucleotide positions is according to
are indicated by broken lines. The positions of CIDs are indicated by
icate the respective length of deletions. * indicates possible truncated
d with HDV.on and
re geneeleted if these mutants CID-II, -III, and -VI were ex-
ressed, respectively. The expression of wild-type WH-
( cleotide positions. The numbers on the broken lines indicate the respective
l
229NATURALLY OCCURRING WHV DELETION MUTANTScAg in transfected cells was detected by immunofluores-
cence staining with anti-WHcAg (Fig. 5). In contrast, cells
transfected with mutant core genes were not stained by
either antiserum to the whole WHcAg or antiserum di-
rected to the N-terminal 81 aa of WHcAg. These results
indicate that WHcAg with a large truncation may not be
stable. In a recent publication, Preikschat et al. (1999)
showed that only HBV CID mutants with a short deletion
aa 86–93 showed stability and self-assembly.
The WHV polymerase is supposed to be translated
from a pregenomic mRNA starting at the start codon ATG
nt 2428–2430. Therefore, a long nontranslated region
precedes the coding region of WHV polymerase. This
nontranslated region of WHV polymerase mRNA was
shortened by CIDs within the WHV core gene, resulting
in a removal of several ATGs located within this region.
Thus, CIDs may influence the translation of WHV poly-
merase. We amplified the WHV genome region nt 1740–
2427 and inserted the fragment into pSP-Luc-NF by
tagged KpnI and NcoI restriction sites (Fig. 6). The lucif-
FIG. 3. Heterogeneity of WHV CID mutants in single woodchucks. Th
1982). The positions of CIDs are indicated by broken lines and the nu
ength of deletions.e numbering of the nucleotide positions is according to that of Galibert et al.erase gene in this reporter plasmid designated as
pWHC-Luc, was under the control of WHV core promoterFIG. 4. Analysis of three representative clones (C1, C2, and C3) of the
WHV genome (region nt 1985–338) derived from a serum of wood-
chucks W449. PCR products of complete inserts (preS/core), preS
region (nt 2975–338), and core region (nt 1985–2586) derived from
these three clones are shown in A, B, and C, respectively. Lane 1, clone
1 contains the wild-type sequence; lane 2, clone 2 has the wild-type
preS1 region but a deletion within the core gene; lane 3, clone 3 has
deletions in both the preS1 region and the core gene.
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230 BOTTA ET AL.and began with the start codon of the WHV polymerase.
The WHV wild-type sequence was replaced by se-
quences with CIDs of 117 (nt 2260–2376), 129 (nt 2272–
2400), and 227 bp (nt 2171–2397), resulting in pWHCID4-
Luc, pWHCID5-Luc, and pWHCID9-Luc. The expression
of luciferase by these plasmids was tested by transient
transfection in woodchuck cell line 12/6. The expression
of luciferase was 4-, 5-, and 25-fold higher in cells trans-
fected with pWHCID4, pWHCID5, and pWHCID9 in com-
parison to those transfected with pWHC-Luc. Therefore,
CIDs in the WHV genome may lead to a higher expres-
sion of WHV polymerase in infected cells.
DISCUSSION
WHV mutants with large deletions in the preS1 region
and the core gene occurred frequently in chronically
WHV-infected woodchucks, similarly to HBV mutants in
patients with chronic hepatitis B (Akarca and Lok, 1995).
FIG. 5. Immunofluorescence staining of BHK cells transiently trans-
ected with plasmids (A) WHV core wild type; (B) WH3 CID 2; (C) WH3
ID 3; and (D) WH3 CID 4.These defective genomes always coexisted with wild-
type WHV genomes. Because deletions in the preS1
m
tregion and core gene may diminish the functions of
corresponding proteins, the complete replication cycle of
defective genomes may be achieved by a transcomple-
mentation provided by wild type-genomes, as shown for
HBV deletion mutants (Okamoto et al., 1993; Yuan et al.,
1998).
HBV preS mutants identified so far in patients were
rather heterogeneous (Okamoto et al., 1987; Gerken et
l., 1991; Tran et al., 1991). Large deletions have been
etected within the preS1 and preS2 region (Gerken et
l., 1991; Takayanagi et al., 1993; Melegari et al., 1994;
akajima et al., 1994; Melegari et al., 1997). Whereas
ost of the deletions are located at the 39 end of preS1,
eletions at the 59 end of preS1 have also been detected
Yamamoto et al., 1994). Furthermore, deletions with dif-
erent locations within the first half of the HBV preS2
ene were discovered (Santantonio et al., 1992). The
eletion with the WHV preS1/2 region appears to be very
estricted. A 72- or 84-bp deletion at the N-terminal end
f WHV preS1 between nt 3000–3071/3184 was detected
n blood and liver in eight woodchucks. Similar deletions
n the amino-terminal end of the preS1 in HBV were
ound by Yamamoto et al. (1994). The reason for the
estricted location of WHV preS1 deletions is not known.
he identified deletions within preS1 affect the spacer
egion of the polymerase gene because of the overlap of
he preS1 and the polymerase gene. Though this spacer
egion does not seem to be absolutely required for poly-
erase function (Sprengel et al., 1985; Bartenschlager et
l., 1990; Radziwill et al., 1990), extended deletions within
his region might affect the WHV polymerase.
WHV CID mutants appear frequently in chronically
HV-infected woodchucks. These CID mutations have
ifferent sizes and are located in the center of the core
ene, similar to HBV CID (Carman et al., 1989; Wakita et
l., 1991; Gunther et al., 1996; Marinos et al., 1996). These
utations lead to the disruption of the WHV core reading
rame and probably to the production of truncated forms
f the WHcAg. However, truncated WHcAg was not de-
ected in transient transfection experiments. These find-
ngs are in agreement with the results of Yuan et al.
1998) that no truncated HBV core proteins could be
ound in transfected cells. We assume that these trun-
ated forms of WHcAg, like their HBV counterpart, are
ot stable in cells.
Another consequence of CID mutations is the change
f the expression level of WHV polymerase. The poly-
erase expression may be regulated at a low level by
lternative start codons preceding the polymerase AUG
tart codon. Eleven AUGs are present in the 59 untrans-
ated region preceding the WHV polymerase start codon.
he deletion of these AUGs could allow a faster scan-
ing of the ribosomes, leading to a more efficient expres-
ion of the polymerase protein. It was proposed that CID
utations may increase polymerase expression and,
herefore, enhance replication activities of mutant ge-
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231NATURALLY OCCURRING WHV DELETION MUTANTSnomes (Gu¨nther et al., 1996; Marinos et al., 1996). How-
ever, an increased polymerase expression could not be
demonstrated for HBV CID mutations which eliminated
two of four AUGs preceding the HBV polymerase start
codon (Yuan et al., 1998). The CID mutations in the WHV
enome removed up to four to eight AUGs preceding the
olymerase start codon and led to a marked increase of
he expression of the luciferase gene fused with the
HV polymerase start codon. These results indicate that
HV CID mutants may have an increasing polymerase
xpression and, therefore, enhance replication activities.
n increased polymerase expression may not provide a
elective advantage of WHV CID mutants over wild-type
irus at normal conditions during acute and chronic in-
ection since only a low number of polymerase mole-
ules (about 0.7 per encapsidated HBV DNA molecule) is
eeded for the viral replication (Bartenschlager and
challer, 1992). However, the physiological condition in
mmune suppressed transplant patients or in patients
ith ongoing inflammation may change the requirement
f viral polymerase and favor CID mutants (Gu¨nther et al.,
996; Marinos et al., 1996).
CID mutations lead other changes on the WHV ge-
nome that may also influence the WHV replication. An
immunodominant T cell epitope is located in the middle
of the WHcAg (aa 97–110) and can be recognized in the
majority of woodchucks despite their different immuno-
genetic backgrounds (Menne et al., 1997). This epitope is
deleted from the WHV genome by CID mutation. A dele-
tion of the immunodominant T cell epitope may provide a
FIG. 6. The expression of relative luciferase activity in woodchuck cel
The region of WHV genome nt 1740–2427 and the beginning of the luc
codon at nt 2428, are indicated by white circles. The CIDs are indicatselective advantage for WHV mutants. It was found that
mutations in the HBsAg frequently coincide with a majorhistocompatibility complex class I-restricted T cell
epitope (Tai et al., 1997). In addition, a reduction of the
viral transcript encoding the relevant T cell epitope to
levels below the threshold can abolish the recognition of
infected cells by T cells (Kienzle et al., 1999). These
factors may explain why WHV CID mutants from WH5
with a 312-bp deletion were able to occur in chronic WHV
carriers. Further investigations are needed to clarify this
possibility.
Like HBV populations in chronically infected patients,
WHV mutants in woodchucks were heterogeneous
(Akarca and Lok, 1995; Gu¨nther et al., 1996). Usually, one
predominant deletion mutant was present in a wood-
chuck. However, the distribution of the deletion mutants
may be different in compartments. In the woodchuck
WH15-8, a mutant with a deletion of 84 bp in the preS1
region appeared to be predominant in the liver samples,
whereas a different mutant with a 72-bp deletion was the
major type in the WHV from blood samples.
All eight HDV-infected woodchucks in this study car-
ried deletion mutants. However, only sera of these wood-
chucks in the chronic phase of HDV infection (2–3 years
p.i.) were available and WHV deletion mutants were
present in all samples. It was, therefore, not possible to
determine the time point of the emergence of WHV de-
letion mutants in these woodchucks. A transmission of
preexisting WHV deletion mutants in the HDV inoculum
may accelerate the appearance of WHV deletion mutants
in HDV-superinfected woodchucks. In an ongoing pro-
spective study, no WHV deletion mutants emerged dur-
transfected with plasmids pWHc, pWHCID4, pWHCID5, and pWHCID9.
gene are depicted. The codons ATG, including the polymerase start
roken lines and the nucleotides numbers.ls 12/6ing the 30 weeks after the infection with HDV. WHV
deletion mutants appear to need a long time to become
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232 BOTTA ET AL.a detectable population in chronically infected wood-
chucks because numbers of transferred WHV deletion
mutants in the HDV inoculum are small.
The characterization of naturally occurring WHV dele-
tion mutants allows us to study their biological properties
in the woodchuck model in the future. Particularly, the
properties of these variants may be examined by pas-
sage of these variants to naive woodchucks. Primary
hepatocytes prepared from woodchucks infected with
mutants may provide opportunities to study the replica-
tion of these WHV mutants.
MATERIALS AND METHODS
Sera and liver samples of chronically WHV-infected
woodchucks. Forty-four adult chronically WHV-infected
woodchucks trapped in the state of Delaware were pur-
chased from North Eastern Wildlife (Ithaca, NY). All
woodchucks were positive for WHV surface antigen
(WHsAg) and anti-WHV core antigen (anti-WHcAg), but
negative for anti-WHsAg. WHV DNA was detected in
serum samples of these woodchucks by spot hybridiza-
tion with a full-length WHV genome probe. Eight wood-
chucks that were included in this study were also in-
fected with hepatitis D virus (HDV). Seven woodchucks
were experimentally superinfected with 50 ml of a HDV
inoculum that was passaged seven times in woodchuck.
The remaining HDV-positive woodchuck was born to a
HDV-superinfected mother.
Ninety-eight serum samples from chronically WHV-
infected woodchucks were collected in a 2-year period.
Liver samples from woodchucks WH14, WH3, and
WH15-8 harboring WHV mutants were taken after eutha-
nasia, immediately frozen in liquid nitrogen, and stored
at 280°C.
Isolation of DNA from woodchuck sera and liver sam-
ples. One hundred microliters of sera was subjected to
digestion with proteinase K (0.15 M NaCl, 10 mM Na–
EDTA, 1% SDS, 50 mM Tris–HCl, 20 mg/ml proteinase K,
pH 8.2) and phenol/chloroform extraction. WHV DNA was
precipitated with ethanol by standard procedure.
WHV DNA from liver samples of chronically WHV-
infected woodchucks was extracted with the QUIAamp
Tissue Kit (Quiagen, Hilden, Germany) according to the
manufacturer’s instructions. Briefly, about 25 mg of frozen
liver samples was grinded to powder in liquid nitrogen by
using mortar and pestle, lysed in 180 ml lysis buffer, and
digested with proteinase K. Prepared samples were then
mixed with 210 ml ethanol and applied to a QIAamp spin
olumn. DNA was bound to the column, washed twice,
nd eluted by buffers supplied with the kit.
Amplification of WHV preS1/preS2 region and core
ene by PCR, cloning, and sequence analysis of PCR
roducts. WHV preS1/preS2 region (nt 2992–2338) andhe core gene (nt 2021–2587) were analyzed by PCR as
escribed previously except for a change of primersMenne et al., 1997). The primers were designed accord-
ng to the WHV genome sequence published by Galibert
t al. (1982): ps1 59 CAG CTA GTG CAA CAT AAT CC 39
nt 2976–2995) and ps2 59 CCT GTA ATC CTG CGA GGA
T 39 (nt 338–319) for the WHV preS region; wc1 59 TGG
GC CAT GGA CAT AGA TCC TTA 39 (nt 2015–2038) and
c2 59 CAT TGA ATT CAG CAG TTG GCA GAT GG 39 (nt
570–2597) for the WHV core gene. Primers wc1 and ps2
ere used to amplify a fragment comprising the preS1/
reS2 region and the core gene (nt 2015–338). PCR
roducts were visualized on ethidium bromide-stained
garose gels. Each sample that yielded more than one
and was further examined. DNA fragments of interest
ere purified from the gel with QIAquick gel extraction
it (Quiagen). These fragments were subjected to direct
equencing or to cloning into the pCRII vector (Invitro-
en, Leek, Netherlands). Sequencing of PCR products or
lasmids was performed by a commercial service
LAROVA, Teltow, Germany).
Immunofluorescence staining of WHcAg in a baby
amster kidney (BHK) cell line. BHK cell line was used for
ransfection experiments. Transfection of BHK cells was
erformed using lipofectamine (Gibco BRL, Eggenstein-
eopoldshafen, Germany). Four micrograms of plasmids
as incubated with 10 mg lipofectamine in 100-ml media
for 45 min and was given to cells in 1 ml Opti-Media
(Gibco BRL) for 6 h at 37°C, 5% CO2. Transfected cells
ere maintained for 48 h at 37°C, 5% CO2, and fixed with
acetone/methanol (1:1). The expressed WHcAg was de-
tected by indirect immunofluorescence staining using
rabbit anti-WHcAg antisera. Two rabbit polyclonal anti-
WHcAg antisera were used to perform immunofluores-
cence staining. A rabbit antiserum was raised against
the whole WHcAg. Another antiserum was directed to
the fragment aa 1–81 (kindly provided by Dr. Heinz
Schaller, Heidelberg). Both antisera were reactive in
Western blot as well as in immunofluorescence staining.
Construction of reporter plasmids with the luciferase
gene and measurement of the expression of luciferase.
The WHV genome region nt 1740–2427 was amplified by
using primers 59-TGC TAG GGT ACC ACC ATG GAT TCC
ACC GTG AAC-39 and 59-GCT CCA TAT AGA CCT CCC
CAT GGT CAT C-39. The PCR product was purified from
agarose gel, restricted with KpnI and NcoI and inserted
into the KpnI/NcoI digested pSP-Luc-NF (Promega) to
generate pWHC-Luc. The corresponding region with CID
mutations nt 2260–2376, 2272–2400, and 2171–2397 was
amplified from cloned WHV DNA derived from wood-
chucks WH449, WH14, and WH90-5, respectively. The
plasmids resulted from this step were designated as
pWHCID4-Luc, pWHCID5-Luc, and pWHCID9-Luc.
Woodchuck 12/6 cell line was derived from wood-
chuck liver tissue and was used for transient transfection
with reporter plasmids (Bannasch et al., 1995; Lu et al.,
1999). Cells were seeded into 6-well (6 mm diameter)
plates and transfected with 5 mg plasmid DNA by using
BB
C
233NATURALLY OCCURRING WHV DELETION MUTANTSlipofectamine. Transfected cells were harvested after
48-h incubation and the luciferase activity was measured
by using luciferase assay system (Promega). These ex-
periments were performed in duplicates. The difference
between duplicates did not exceed 10% of the results.
Repeated experiments led to comparable results.
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